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In  the  90 's  of  the  last  century  it  had  already  been 
shown  that  the  basic  triphenylmethane  dy^^s,  in  aqueous  solution, 
vindergo  hydrolysis  flj.  As  a  result  of  this  hydrolysis  a  chemical 
equilibrium  is  gradually  established  in  the  solution,  which  in  the 
case  of  rsalachite  green,  for  inataace,  may  be  represented  by  the 
following  equation: 
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<  y-C~0H  +  H* 
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Vi  V  , 

Prom  equation  (l  M)  it  follows  by  quantitative  study 
of  the  hydrolysis  reactions  it  should  be  possible  for  us  to 
determine  the  dissociation  corstants  of  the  so-called  carblnol 
bases  of  the  triphenylmethane  dyes,  that  involve  a  detaching  of 
hydroxyl  groups  from  the  methane  carbon  atoms. 
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Having  produced  in  chemically  pure  form  the  hydriodide 
and  hydrobromide  salts  of  irwlachlte  green  and  of  crystal  violet, 
we  detexTiained  the  pH’s  of  their  aqueous  solutions  at  temperature 
19  +  1°C.  The  values  found  are  shown  in  Table  1. 


Table  1 


Prepara¬ 
tion  No. 

Name  of  dye 

G 

(raole/1 ) 

Pound 

jiii: _ _ — - - 

Calculated 
(for  250C) 

1 

Hydrobroinide  of 
malachite  green 

1,48^10“'^ 

4,95 

4.85 

2 

Hydrobromide  of 
malachite  green 

1.06*10“® 

b.02 

4.94 

3 

Hydrobromld©  of 
crystal  violet 

?.46"10"^ 

6.40 

6.25 

4 

Hydriodide  of 
crystal  violet 

9.60*10“^ 

_ 6,35 

6.19 

Quite  recently  Ooldacre  and  PSiillipa  [2|,  on  the  oaaia 
of  experiiiiental  data  obtained  frora  comparing  the  color-atloR- 
intensity  of  dye  solutions  at  different  pH* a,  calculated,  for  a 
number  of  basic  triphenylraethane  dyes,  characteristics  which 
they  called  ^’equilibrium  Ionization  constants'’^  which  are  in 
fact  the  dye  hydrolysis-constants.  Using  these  constants,  we 
calculated  the  pH  values  which  our  solutions  should  possess. 

As  is  seen  from  Table  1,  the  experimental  and  calcu¬ 
lated  values  are  extremely  close;  so  too,  therefore,  the  dis¬ 
sociation  constants  of  4,4' -tetramethyl-dlamlno- trlphenylcarbinoi 
and  4,4'  ,4"-hexan}ethyl-trlamino-trlphenylcarbinoI,  as  calculated 
from  the  pH’s  of  the  dye  solutions  and  as  found  on  the  basis  of 
the  experimental  data  obtained  by  Goiaacre  and  Phillips,  are  In 
satisfactory  agreement.  The  dissociation  constant  found  for 
4,4' -tetramethyl-diaaino-triphenylcarbinol  was  equal  to  9.24'^10"‘" 

and  that  of  4,4'  ,4''-hexaiiiethyl-triamino-triph6ayluarbinol  equal 

to  3.76*10"®  (at  19®C). 

Continuing  with  our  study  of  the  hydrolysis  of  the 
salts  from  which,  when  acted  upon  by' alkali,  there  are  formed 
the  ’’pseudo-bases'*,  we  thought  it  of  interest  to  compare  the 
hydrolysis-constants  of  these  salts  in  different  solvents.  To 
this  purpose  we  determined  the  hydrolysis-constants  of  the  salts  of 
4,4' -tetramethyl-diamino-trlphenylcarblnol,  4,4'  -tetramethyl- 
diamino-diphenylcarbinol,  diantipyryl-phenylcarbinol  and  10-methyl- 
9-phenyi-9-oxy-9,10“dihydroacrldine,  in  aqueous  acetone.  The 
hydrolye la-constant 8  were  calculated  frorj  the  pH’s  of  water- 
acetone  solutions  containing  equimoleoular  quantities  of  the 
cirblnol  and  its  salt*  Table  2  gives  a  comparison  of  the  pK'a 
of  the  above  substances  in  aqueous  acetone  and  in  water. 


Table  2 


Prepara¬ 
tion  No, 

Type  of  Carblnol 

PK 

In  water 

In  aqueous 
acetone 

1 

4,4'  -tetramethyl-dlaraino- 

diphenylcarblnol 

5. 61* 

4.70 

2 

Diantipyryl-phenylcarbinol 

6.56 

5.50 

3 

4,4'  -tetraraethyl-dlamlno- 
trlphenylcarbinol 

7.07 

6.05 

4 

10-aiethyl-9-phenyl-9-oxy- 
9, lO-dihydroacridlne 

9.58 

0  •  ^ 

We  should  mention  that  the  hydrolysis-constant  of 
malachite  green  was  also  calculated  on  the  basis  of  data  obtained 
In  the  following  experiment.  A  weighed  sample  of  4,4’ - tetramethyl- 

*  According  to  Ooldacre  Phillip’s  data  {2}. 
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dianiliw-triphsnylcarbinol  waa  dieaolved  in  a  precisely  measured 
quantity  of  aqueous  acetone.  After  this  solution  had  reached 
©quilihriuroj,  the  hydrogen  ion  concentration  was  determined 
potentiometrically,  and  the  dye  cation  concentration  pK  hy 
colorimetry,  pK  was  *  calculated  from  formula  (2)  and  was 
found  to  b'«  @,.06,  that  ic^  it  waa  in  entirely  eatiafftotory  agree- 
aeiaat  with  the  value  ahewn  in  Table  2. 

[roh] 

pK  =  pH  -  log  ——  (2) 

[R^3 

Since  the  hydrolysis  of  the  above-mentioned  substances 
constitutes  a  p'irticular,,ca8e  of  acid-base  equilibrium,  Lhen,  as 
we  should  expect  from  Bronated's  Theory  (3)  when  we  plot  pK 
in  aqueous  acetone  against  pK  in  water,  th.  points  lie  quite 
satisfactorily  on  a  straight  line,  with  the  tangent  of  slope 
equal  to  unity. 

One  might  expect  that  in  contrast  to  aqueous  solutions 
in  nitrobenasne,  in  which  it  is  impossible  to  have  any  solvatolysis 
accompanied  by  conTsrslon  of  the  dye  cation  into  a  compound  with 
the  4-covalent  methane  carbon  atom,  the  dissociation  of  the  car- 
binol  bases  must  be  very  strong.  The  experiments  performed  support 
this  idea.  Thus,  for  instance,  we  prepared  nitrobenzene  solutions 
of  4,4' -tetramethyl-diamino-trlphenyl-carblnol  and  of  4,4',  4"- 
hexamethyl-triamlno-triphenyloarbinol,  in  which  the  first  substance 
waj  found  to  be  70?^  dissociated  and  the  second  9C^  dissociated. 

Accordingly,  our  findings  in  the  present  experiments 
fully  maizjitala  the  thesis  that  Oaach's  so-called  "pseudo-bases'' 
are  capable  of  dissociating  in  various  solvents,  with  the  splitti  g 
off  of  a  hydroxyl  group.  This  dissociation,  in  the  case  of 
4,4',  4'*~hexaraethyI-triamlno-tripheayloarblnol  for  Instance,  may 
be  reyreeented  as  in  equation  (3). 


*  Sentence  imperfect  In  text.  Two  words  supplied  by  translator. 


SXPERIMENTAL  PAST 


1,  4«4* -tgtramethrl-diamlno-trlphenylcarblnol 


0.1001  g  of  4,4' -tetramethyl-dianiino-triphenylcarbinol 
l8  disaolTed  in  70  ml  of  6C^  aqueous  acetone* 

^3 

Solution  concentration  C  =  4.13*10  mole/l,  solution 
pH  8.60,  temperatux*®  19  ♦  1®.  The  adsorption  spectrum  of  the 
solution  is  given  in  Table  3. 


iaoiS  o* 


X  om 

D 

X 

D 

X 

D 

500.0 

0.024 

600.0 

0.490 

630.0 

0.678 

520.0 

0.035 

620.0 

0. 652 

635.0 

0.612 

540.0 

0.074 

622.5 

0.679 

640.0 

0.531 

560.0 

0.150 

625.0 

0.690 

650.0 

0.345 

580.0 

0.257 

627.5 

0.686 

The  solution  thus  obtained  was  -xcidlfied  srlth  0. 1  n 
hydrochloric  acid  solution  and  diluted  500  times  with  6CfJ(,  aqueous 
acetone.  On  the  following  day  wo  took  tne  adsorption  spectrum  of 
this  dye  solution,  the  pH  of  which  was  4, '0  (temperature  19  +  1®C) 
The  concentration  C  of  the  dye  In  the  solution  was  0,82*icr6  inole/l 

The  adsorption  spectrum  of  the  solution  is  shown  in 

Table  4. 


Table  4 


X  a^i 

D 

X  m^ 

D 

X  m^ 

D 

520 

0.008 

600 

0.212 

6v0 

0.365 

540 

0.027 

610 

0.295 

640 

0.285 

560 

0.070 

620 

0.366 

650 

0.178 

580 

0.131 

625 

0.376 

2«  Determination  of  pH  of  Aqueous  Solutions  of  Certain  Dyes 


A  weighed  sample  of  the  salt  was  dissolved  in  water. 
The  pH’s  of  the  solutions  In  all  the  experiments  were  determined 
by  means  of  a  pH-moter  with  glass  and  iae]*curouB  chloride  elec¬ 
trodes  at  19  i  1®C,  Findings  are  shown  in  Table  6. 


•  All  the  spectrophotometrlc  determinations  were  made  with  a 
8F-11  spectrophotometer. 

-  4  - 


Tabic  5 


Prepai*a- 
tion  No. 

Diasolved  Salt 

Sample  Quantity 
(in  g)  of  water 

(in  ml) 

pH 

1 

Hydrobromide  of  malachite 

green 

0.0607  100 

4.95 

2 

Hydriodide  of  malachite 

green 

0.0401  100 

6.  02 

3 

Hydrobromlde  of  crystal 

violet 

0.0505  150 

6.40 

4 

Hvdrlndidft  rt-f  crvstal 

violet 

0.0479  100 

o.  3o 

5 

Nitrate  of  antipyrin 

orange 

0.0797  100 

4.70 

6 

10-methyl~9-phenyl“ 

acridiniuffl  Iodide 

0. 0900  100 

6.10 

* 

* 

0.0912  100 

6.10 

3,  Determination  of  pK  of  Certain 

,  Salts  in  Aaueous  Acetone 

A  weighed  sample  of  the  substar.ce  is  dissolved 

in  ”0  ml 

of  60%  aqueous  acetone.  If  a  salt 

is  taken,  we  add  0.5  equivalenti 

of  NaOH, 

but  if  a  base  is  taken  we 

add  0.6  equivalents  of 

hydro- 

chloric 

acid.  Next  day  we  determined  the  solution  pH  at  ' 

tem- 

peraturo 

19  4  1*^0.  Findings  are  shown  in  Table  6, 

Table  6 

Prepara- 

0. 1  n  solution 

tion  No. 

Dissolved  Salt 

Sample  added  (in  ml} 

pH 

Sci  NaOH 

> 

1 

Hydrobromlde  of 

malachite  green 

0.0508  -  0.72 

0*0^ 

2 

4,4'  -tetramethyl- 

diaml no- trl phenyl- 

carblnol 

0.1006  2.^2 

6.05 

3 

Nitrate  of  antlpyrlno 

orange 

0.1004  -  0.95 

5.50 

4 

Diantlpyryl- 

phenylcarblnol 

0.1231  1,28 

5.50 

5 

4,4'  -  tetramethyl- 

dlamlno-diphenyl- 

carblnol 

0.1102  2.04 

4.70 

6 

10-me thy 1-9-phenyl- 

acrldlnlum  iodide 

0.1440  -  1.82 

8.  60 

7 

1 0-me  thy 1-9-pheny  *-9- 

ft).  1515  2.64 

B.  60 

oxy-9,10-dl  hydro-  •< 

0.1617  2.64 

8.50 

acridine 

l0.1523  2.66 

8.55 

o  rtri  tf  lint  •••••  t#  »•  In  tkU  Ukit.  (TraMl«tw.) 
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4«  Adsorption  Spectra  of  Solutions  of  the  Dyea  and 
Their  Car^lnol  Bases  In  Nitrobenzene 


a)  4,4* -tetramethyl-diamino-triphenylcarbinol  and  the 
hydriodide  salt  of  malachite  green  were  diasolved  in  nitrobenzene. 

We  heated  the  resulting  solutions  for  2  hours  at  80°C  on  a  water 
bath,  cooled  them,  and  on  the  following  day  took  the  adsorption 
spectra  (Table  7), 

The  applicability  of  Baer's  Law  to  solutions  of 
malachite  green  in  nitrobenzene  has  been  demonstrated  previously  [4|. 

The  concentration  of  the  dye  cation  in  the  nitrobenzene 

—  5 

solution  of  4,4* -tetraraethyl-dlamino-trlphonylcarblnol  was  4,0*10 
g-ion/1. 


Table  7 


X  n|A 

D 

Hydriodide  of 
malachite  green 

C  -  4. 3*  10**® 
Mole/1 . 

4,4'  -tetraraethyl- 
dlamlno-triphenylcar- 

binol  C  =  5.8*10"® 
mole/1. 

0.42 

0.40 

G20 

0.86 

0.81 

630 

1.09 

1.04 

636 

lol6 

1.09 

640 

1.06 

1.01 

660 

0.79 

0.75 

b)  Wo  prepared  nitrobenzene  solutions  of  4,4' ,4"- 
hexamethyl-trlamlno-triphonylcarblnol  and  of  the  hydriodide  of 
crystal  violet  in  nitrobenzene.  The  adsorption  spectra  of  the 
solutions  were  taken  after  throe  weeks’  time  (Table  8). 

The  concentration  of  the  dye  cation  in  the  nitrobenzene 
solution  of  4,4*  ,4**-hexamethyl-triamlno-triphenyloarblnol  was 

’18*10"®  g-ions/l. 


0 


Tablo  8 


X  ra^ 

D 

Hydriodide  of 
crystal  violet 

C  =  5*10“^ 
mole/1. 

4,4* ,4"-heXamethyl“triamlno 
triphanyloarbinol 

C  =  8*10“^  mole/1. 

550 

0.237 

0.444 

590 

0.460 

0.670 

600 

0.497 

0.  720 

605 

0.491 

0.700 

610 

0.468 

0.658 

620 

0.381 

0.502 

CONCLUSIONS 


The  carblnol  compounds  of  triarylmothane  dyes  (Ganch's 
so-called  '^psoudo-bases**)  are  capable  of  dissociating,  with 
splitting  off  of  a  hydroxyl  group  and  formation  of  cations  of 
the  dye.  Thla  diaaoolation  takes  pla^a  not  only  in  water,  but 
also  In  othsT*  soiyents. 
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